Thermal Conductivity of Sulphurdioxide and Diethyl Ether at Different Temperatures by Gupta, Das A
T H E R M A L  C O N D U C T I V I T Y  O F  S U L P H U R D I O X I D E  A N D  
D I E T H Y L  E T H E R  A T  D I F F E R E N T  T E M P E R A T U R E S
A. DAS G0PTA
I n d i a n  A s s o c i a t i o n  f o b  t u b  C u l t i v a t i o n  o f  »S( i b n c e ,
Calcutta-32.
(R eceived  Octobef 18, I0r»0)
ABSTRACT. Thormal oondu«tivity of oxide and diethyl otiior have boon
measured over the temperature range 39'’-200.G°C with tlie help of thif^ k-wire variant of the 
hot wire method. The ob.served data are in go«d agreement with tlio results obtained by 
oi>rUor workers. Attempt has been made to int^ i'|)rot the observed data in tlio light of the 
rooont theory dovolo[)od by Mason and Monohick. It is found that i*olaxation phenomenon 
plays a significant role in the interchange of energy botwoon translational and rotational 
degrws of freedom.
I N T R O  D U 0 T T O N
Besides being of industrial and technological importance accurate measure- 
ments of thermal conductivity of polyatomic gases may serve as a source of in­
formation regarding the interchange of energy between internal and cxtcirnal degrees 
of freedom. Unlike monatomic gases which are devoid of internal motions, the 
heat conductivity of a polyatomic gas cannot be explained with the help of the 
classical theory. (Hirschfoldcr, Curtiss and Bird, 1954). The first attempt to 
take into consideration the transport of internal energy was made by Eucken 
(1913) according to whom,
51
AMItJ ftrOvtr+finfi^if ... (1)
whore A =  coefficient of thermal conductivity, /; — coc f^ficient of viscosity, M  
is the molecular mass, Cvtr and Cvtnt are the translational hc^at capacity and the 
internal heat capacity respectively, f^r and f^nt are the Eucktm factors corres­
ponding to the translational and internal degrees of freedom. For the noble 
g a s e s w a s  assigned a value 5/2 while from moan free path arguments was 
taken to be equal to 1. Experiment, however, shows that is temperature 
dependent for most of the polyatomic gases and varies from 0.7 to 1,3 over the 
tcunporaturo range 80^K — SSO'^ K. I t  was suggested later by several workers 
that transport of internal energy takes place by some diffusion mechanism and 
fint should be replaced by pDjrj where p is the gas density and 1) the self-diffusion 
coefficient. A more rigorous attempt to derive explicit expression for the thermal 
conductivity of polyatomic gases was made by Hirschfelder (1957) who considered 
the molecules in different quantum states as different chemical species. According
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to him when tho exchange of energy between translational and internal degrees of 
frec^lom is very fast so that a condition of local chemical equilibrium is maintained, 
one obtains the modified Eucken expression for the thermal conductivity of a 
polyatomic gas. Usually, however, for most of the polyatomic gases the condi­
tion of local chemical equilibrium is not maintained and it has been felt by several 
workers (Waelbrocck, and Zuckerbrodt, 1958; Srivastava and Barua, 1960) that 
some relationship must exist between thermal conductivity and the rate of ex­
change of energy between translational and the various int ernal degrees of freedom. 
The theory of heat conductivity Ihereforo needs a better theoretical foundation 
so that it can be extended to the case of non-sphcrical molecules (bolh polar and 
nonpolar) undergoing inelastic collision.
Recently Mason and Monchick (1962) have derived explicit expressions for 
th(  ^thermal conductivity of both polar and non polar gases starting from the somi- 
classical theojy of Wang Chang and Uhlenbeck (1964) and making some crude 
approximations. According to them in the case of nonpolar polyatomic gases 
a relaxation of energy transfer between translational and interna] degrees of freedom 
affects tlui transport of heat energy. For polar gast\s, however, a second effect 
namely resonant exchange of energy bidavecn internal dc^grees of freedom plays 
a significant role. Mason and Monchick (1962) derived the folio\^ing expiessioiis 
tor fir and ft^t in the case of a polar gas;
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In the above expressions Ck is the heat capacity for th(  ^ K>th internal mode and 
Zjc is the corresponding collision number . Z'|Z^^ is the eonection due to tlu' n\so-
nant exchange of internal energy. (Jenerally, however, only the rotational modes 
are considered since Z  is large for other modes. Finally the expression for the heat 
conductivity of a polar gas becomes,
X M l^ r  =  * 0 .,r+  ( I  -  ) ‘ 5 ; ^  ] (6)
whore is the expression for Eucken factor according to Mason and Mon­
chick’s formulation.
In tho present paper the observed thermal conductivity data have been uti­
lised to determine the Zra values a t different temperatures. In order to study 
tho efficiency of transfer of translational as well as internal energies ftr and fin,
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values have been determined a t different temperatures using the calculated values 
of Zfoi*
A P P A R A T U S  AND T HE OR Y
In the present measurement the thick-wire variant of the hot-wire method 
lias been utilised. The description of the conductivity cell has already been given 
in an earlier paper (Srivastava and Das Gupta^ 1966). During experiment the cell 
was placed in oil bath whose temperature coEktrol was in general within ±0.05"(7. 
The constants of the cell used are given in Table 1.
Gaseous Sulphurdioxido used in this exffceriment was prepared by the action 
of concentrated Sulphric acid on Sodium sidphite. The gas was properly dried 
before use by passing it tlirough Calcium GJiloride. Gaseous diethyl ether was 
obtained by vaporizing chemically pure liquid other.
The solution of the differential equation for the flow of heat along a wire 
has been shown by Kannuluik and Martin (1933, 1934) to be as follows,
/(/?0 =  ( W Bo^PoU .. (6)
_ 2h _ PBffic. (7)
h = Kftriln (r,/r i) ... (8)
where JR is the resistance of the wire when a current I  amp is flowing through it, 
8^ the resistance of the cell wire at the bath temperature for /  =  0. Ku and A 
are the thermal conductivities of the wire and the gas respectively.
In Table I I  a typical set of observations taken at 80.PC for SOg and (€2115)20 
has been recorded. In this table is the apparent thernal conductivity and K' 
is that obtained after reduction to the bath temperature and making correction 
for non-radial flow, radiation loss, temperature jump and wall effects. A is the 
thermal conductivity obtained after correcting the mean value of K ' for the 
assymetry in the cell construction by the relation A =  K \l--C ),  The factor 
(1—C) was obtained by calibrating the cell with neon at 39°, 80°, 120.3°, 160.5° 
and 200.8°C taking the data of Kannuluik and Carman (1952) as standard. At 
every temperature the conductivity has been measured for three different currents 
and values are found to agree within less than 1 % on the average. The thermal 
conductivity values thus obtained are recorded in Table III. The variation of 
thermal conductivity with temperature has been shown graphically in Fig. 1. The 
results obtained for SOg and (€2115)20 are found to be in good agreement with those 
obtained by Baker and De Haas (1964) and Vines and Bennett (1954) respectively, 
6
TABLE I
Constants of thermal conductivity cell at different temperatures.
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Constaiits/T^ G 39 80 120.3 160.5 200.8
Tliermal Conductivity ‘X’ of the wire in oal/cm. sec. ”C, 0.1670 0.1703 0.1731 0.1748 0.1756
Tomi)oraturo coefficient of resistance ‘a' of the platiriuia wire in 0.00300 0.00204 0.00239 0.00217 0.00100
Kehfltance of the cell wire in ohms. 0.9705 1.0927 1.2081 1.3251 1.4416
Cell Constant (1-0) .987 .983 .985 .985 .985
Length of the cell wire {21) 6.290 cm.
Kadius of the cell wire (r{) 0.00506 cm.
Iritomal diameter of the cell (2r2) 0.301 cm.
Outer diameter of the cell (2r3) 0..590 cm.
TABLE II
Observations taken for the thermal conductivity in cal/cm.sec'^C at 80,1°C
Substance 1in mA (R—Ro) inn K«X 10« K'x 105 meanX105 XX lOB
130.03 0.03178 0.032 2.908Sulphur 129.29 0.03142 3.031 2.908 2.908 2.893dioxide 128.25 0.03092 3.030 2.009
127.23 0.01914 4.926 4.792Diethyl other 127.84 0.01928 4.938 4.803 4.804 4.774129.33 0.01967 4.956 4.818
C O M P A K IS O N WI TH T H E O K Y
From cqn. (5) the expression for Zfot becomes,
3 / 5  pDi^ty ->.  5 ni \ r pDint I 3 / 5 pDinl \ ^  f  1 ^
— ) d A - ^ -  +  2 \ 2 (9)
For the calculation of Z^qi from the above equation one must know the values of 
/ m-Mj Z '/Zq, and pDfri at different temperatures, / m-m occurring in the above 
expression has been replaced by /ea^( == XMjTjC ) in the present calculation. 
The specific heats for SOg and (C2H5)20 have been taken from the data of 
Lambert and Slater (1957) and Vines and Bennett (1964) respectively. I t  was 
shown by Baker and De Haas (1904) that for SOg Z'jZ^ is very small and can be
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neglected. There being no experimental data for the moment of inertia of di(*thyl 
either, it is not possible to determine in this case. This diflculty however, 
lias been avoided by treating weakly polar diethyl ether as a nonpolar polyatomic 
gas for Avhich can be taken to be equal to D the self-diffusion coefficient.
For the calculation of pDjri the force parameters on 12-6-3 potential given by 
Mason and Monchick (1961) have been utilised. The viscosity values for SOg 
have been taken from the recent measuremeiits of Pal and Barua (1966) while for 
(CgH5)20 the data obtained by Craven and Lambert (1951) are utilised. Tlie rota­
tional collision numbers Zrot thus determ ine have been recorded in column 4 
of Table III . These values have been utiiBsed to calculate and firant using 
the equations (2) and (3).
Fig. 1. O----------Present Investigations.
Q ---------- V^ines and Bennett (1964).
Solid □ ---------- B^aker and Be Haas (1964).
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TABLE I I I
Rotational Collision number a t different temperatures
Substance \expt X 10 /tr /int
Sulphur dioxide
39.0
80.1 
121.3 
16J.1 
200.6
2.374
2.893
3 .r>ll
3.989
4.630
1.08
1.13
1.29
1.49
2.00
0.76
0.84
1.06
1.24
1.66
1.91
1.80
1.76
1.67
1.67
Diethyl ether
80.1
120.2
J60.1
200.1
4.774
6.806
6.945
8.096
1.12
1.36
1.48
1.66
0.83
1.13
1.24
1.30
1.43
1.40
1,38
1,37
D I S C U S S I O N
It is evident from the present investigation that the values obtained 
from the thermal conductivity measurements show an increase with temperature. 
This is, however, in accordance with the results obtained for Sulphur dioxide* 
and ammonia by Baker eX al (1964) and Srivastava and Das Gupta (1966) respee;- 
tively. Recently Baker and Brokaw (1965) have obtained the reverse result 
regarding the temperature variation of Zrot ^ polar gases including ammonia 
using thermal conductivity data. From the formulation of Mason and Monchick
(1962) it appears that the rotational collision number is very much sensitive to 
thermal conductivity results. Hence a slight difference in the temperature 
dependence of thermal conductivity may yield an entirely different temperature 
variation for Zro^ Recently, Zink, Bose and Itterbeck (1965, 1966) obtained a 
decrease in Zrot values with the increase of temperature for Oxygen and Hydrogen- 
Helium systems, from ultrasonic measurements. In  the case of polar gases how­
ever, no such experiments have yet been performed. For a polar gas it is rather 
difficult to predict anything regarding the temperature dependence of since 
it involves long range dipolo interaction which plays a significant role in 
energy interchange during collision. Moreover, the temperature variation of 
ZfQ^  for repulsive interaction is in the opposite direction from tha t for an attrac­
tive interaction. The different theories so far developed give conflicting results 
regarding the temperature dependence of rotational collision number. Therefore 
under the circumstances it appears that direct experiments are to be performed 
for polar gases over a wide range of temperature in order to get some idea about 
the temperature dependence of translational-rotational energy exchange.
From Table III it can be seen that fir values increase with the increase of 
temperature for both the gases whereas /<„, shows a decrease. This impliees that 
at high temperature the efficiency of translation-rotation energy interchange is 
reduced. Vines and Bennett (1954) however observed an increase of with 
temperature for some polar and nonpolar polyatomic gases. They attached 
more importance to the translational-vibrational energy exchange which is usally 
significant at appreciably high temperatures. At moderate temperature, however 
the translational-rotational energy exchange plays a more prominent rule. More­
over, in the treatment of Vines and Benijett (1954) there was no scope for taking 
into account the relaxation phenomena in th(' interchange of energy between 
external and internal degrees of freedom.
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